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Physical activity has numerous beneficial effects on the health of human being and is 
known to decrease the risk of cardiovascular diseases, diabetes mellitus, obesity, 
osteoporosis, certain cancers and mental health, as well. Physical activity is a multi-
dimensional behavior that is affected by several determinants i.e. demographic, biological, 
environmental, behavioral, socioeconomic and socio-cultural factors. Emerging evidence 
indicates that persistent childhood physical activity also helps an individual to remain 
active in adolescence and adulthood, which is one of the vital objectives of public health. 
Previous studies mostly deal with the behavior correlates and there is a paucity of data on 
determinants of physical activity among children. The aim of this study was to assess the 
determinants of total physical activity during early stage of life. 
This study was conducted as part of Physical Activity and Nutrition in Children (PANIC) 
Study which is an ongoing and long-term controlled physical activity and diet intervention 
study in a population sample of healthy children of 6 to 8 years of age in Kuopio, Finland. 
Total of 512 children participated in baseline examinations while data on determinants and 
physical activity required for this cross-sectional study was available for 350 children (183 
boys and 167 girls) at baseline.  
Boys’ physical activity was comparatively higher (840 min/week vs. 751 min/week) than 
girls’ and engagement in sedentary behavior was higher among girls (1598 min/week vs. 
1414 min/week) as compared to boys. Boys showed better cardiorespiratory and 
neuromuscular performance in most of the fitness tests than girls. Cardiorespiratory fitness, 
total body lean mass and parents’ education had positive association with total physical 
activity of children while total body fat percentage, electronic media time and low 
household income had negative association with children’s total physical activity. Total 
body lean mass was the strongest determinant of physical activity among boys, while it 
was not a significant determinant in girls. Low household income had negative association 
with total physical activity in girls, but not in boys. 
 
This study concluded that cardiorespiratory fitness, total body lean mass, total body fat 
percentage, electronic media time, low household income and parents’ education were the 
key determinants of total physical activity among 6-8-years-old boys and girls of Kuopio, 
Finland. 
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1. INTRODUCTION 
Physical activity is defined as “any bodily movement produced by skeletal muscles that 
requires energy expenditure” (WHO, 2014). On the contrary, sedentary behavior is defined 
as group of activities that occurs during sleeping, sitting and lying down, and requires low 
level of energy expenditure i.e. < 1.5 metabolic equivalents (Pate et al. 2008). Most of the 
chronic diseases usually occur in middle aged and older adults but its development phase 
begins in early childhood and adolescence (Hallal et al. 2006). Regular physical activity in 
children has beneficial effects on cardiovascular and metabolic diseases, but physical 
activity levels gradually decline during childhood and adolescence (Brage et al., 2004; 
Nader et al., 2008).  
One of the vital objectives of public health is to maintain the utmost level of physical 
activity during the course of life (Corder et al. 2009). Strategies for the promotion of 
physical activity have somehow succeeded globally in order to reduce the decline in 
physical activity, which is associated with the age (van Sluijs et al. 2007).  The decline in 
physical activity also associated with gender and greater decline has been measured among 
girls as compared to boys (van Sluijs et al. 2007).  
Many children and adolescents follow sedentary lifestyle approach by playing video games 
and watching television at home while their outdoor physical activities are quite limited 
and therefore sedentary behavior is associated with poor health outcomes (WHO 2003). A 
systematic review of 46 studies published in 2011 in order to assess the determinants of 
change in physical activity in children and adolescent, concluded that further research is 
still needed for the determinant of change in physical activity because of the exposure and 
heterogeneity of study samples studied earlier. Moreover, determinants were only 
measured among different age groups and investigations of individual factors were 
overlooked in previous studies. Factors affecting physical activity include demographic, 
socio-cultural, psychological and environmental factors (Craggs et al. 2011).  
Sallis and Owen (1999) categorized the predicting factors of physical activity into five 
groups: demographic and biological factors, psychological, cognitive, and emotional 
factors, behavioral attributes and skills, socio-cultural factors, and environmental factors. 
Social and physical environment can affect the physical activity in adolescents. Sedentary 
behaviors including the use of computer or playing video games and demographic factors 
including age and gender are potential determinants of physical activity (Zimmermann-
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Sloutskis et al. 2010). Behavioral factors are also responsible for decreased physical 
activity in adolescents (Higgins et al. 2003). 
Physical activity habits during childhood may persist during the adolescence and adulthood 
phases of life which reflects the importance of physical activity in early age. In order to 
design an effective intervention strategy to increase the physical activity during adulthood, 
we need to find all possible determinants that play a key role during early stage of life. 
Most of the existing literature deals with behavior correlates instead of investigating the 
determinants of physical activity behavior. 
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2. LITERATURE REVIEW 
 
2.1 Importance of physical activity and sedentary behavior in children 
Physical activity is a multi-dimensional behavior that is determined by various factors such 
as physiological, demographic, environmental, social and cognitive determinants (Kohl & 
Hobbs, 1998; Sallis & Owen, 1999).
 
There is strong evidence that physical activity has 
many beneficial effects on human health and decreases the risk of cardiovascular diseases, 
diabetes mellitus and some malignant tumors while sedentary behavior is considered as 
largest public health issue of the 21
st
 century (Blair, 2009). According to World Health 
Organization (WHO), sedentary behavior annually attributes to approximately 2 million 
deaths across the globe (WHO, 2004). Moreover, sedentary behavior is also responsible for 
high disability and death rates in industrialized countries (WHO, 2002). 
Dietary habits which are injurious to health and some environmental determinants are 
considered as promoting factors for obesity and overweight problems in children which 
ultimately lead to decline in physical activity (Sigmund et al., 2007). Physical activity 
during childhood helps to prevent the obesity and overweight issues during adolescence 
and several factors during childhood can influence the physical activity behavior among 
children (Moore et al. 2003). 
A 21-Year Tracking Study of Finland concluded that persistent physical activity during 
childhood significantly increases the chances to remain active during the maturity phase of 
life (Telama et al. 2005).
 
According to Finnish Recommendations for Physical Activity in 
Early Childhood Education in Finland, all children under the age of seven should perform 
at least 2 hours of daily physical activity (Ministry of Social Affairs and Health, 2005). 
According to the Finnish 2014 Report Card on Physical Activity for Children and Youth, 
physical activity levels in Finnish children are quite low compared to recommended levels 
and it is due to the involvement in sedentary pursuits, which emphasize the need to reduce 
unhealthy behavior and promote physical activity among Finnish children and youth by 
conducting a research to find psychosocial, environmental and biological determinants. 
The recommended level of at least 60 minutes of moderate-to- vigorous physical activity 
(MVPA) reported by 30% and 18% in Finnish boys and girls, respectively reflects the 
evident gender difference in Finnish population. Moreover, this report also shows that 24% 
of eleven to fifteen years old Finnish children followed daily recommended guidelines of 
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at least 60 minutes of MVPA as compared to the international data available on physical 
activity (Grasten et al. 2014). 
2.2. Behavioral change theories and models 
There are number of theories and models for behavioral change and health promotion 
while the most frequently used models are Social-Cognitive Theory and Health Belief 
Model (HBM), which are also applicable and relevant to our research topic as well. 
2.2.1. Social-cognitive theory 
Social cognitive theory was postulated by Canadian psychologist Albert Bandura, in 1986. 
It was based on ideas that individual acquires or learns by observing other individuals in 
the surrounding environment (Bandura, 1977). Moreover, social psychologists agree that 
environment plays an important role to influence the behavior of an individual by many 
ways. Albert Bandura was the first one who postulated that changes in an individual 
behavior were primarily mediated by self-efficacy which helps the individual to effectively 
execute the desired behavior in order to prevent the disease (Strauss et al. 2001). 
Social-cognitive theory has also been used in several earlier studies to understand the 
behavioral patterns in children which include the child beliefs and the influence of parents, 
peers and school on children’s physical activity (Strauss et al., 2001; Taylor et al., 1994).   
2.2.2. HBM 
The HBM is a psychological model to predict the health-related behavior, developed in the 
1950s by social psychologists Hochbaum, Rosenstock and Kegels at the U.S. Public Health 
Services in order to understand the reasons behind the failure of tuberculosis screening 
programs. HBM is also considered as widely used theory in health behavior research 
(Glanz et al. 2008). 
Many other researchers have also expanded the Hochbaum’s model of health behavior 
which was based on screening behavior, to include sick-role behavior, illness behaviors 
and preventive actions (Becker, 1974; Janz & Becker, 1984; Kirscht, 1974; Rosenstock, 
1974). Key constructs of HBM include perceived susceptibility, perceived severity, 
perceived benefits, perceived barriers, cues to action and self-efficacy. 
11 
 
 
 
Perceived susceptibility refers to individual’s perception about the occurrence of any 
disease or condition which may vary among individuals impact (Janz et al. 2002). 
Perceived severity refers to individual’s assessment about the consequences and severity 
of disease and its effect on their health (e.g. death, pain and discomfort) and social matters 
such as financial problems and difficulty in maintaining the relationship with family 
members (Janz et al. 2002). 
Perceived benefits refer to individual’s belief for taking action in order to prevent disease 
which also shows the patient awareness about the seriousness of disease as well (Janz et al. 
2002). 
Perceived barriers refer to individual’s belief about the tangible and psychological costs 
of the advised action. These barriers may prevent an individual to take the desired action in 
order to prevent the disease and promote health (Janz et al. 2002). For example, children 
may feel fear from strangers while playing outdoors, worst weather situation and excessive 
home work. 
Cues to action refer to the strategies to activate one’s “readiness” (Janz et al. 2002). Cues 
to action can be external such as providing how-to information, media and use of suitable 
reminder system while the internal cues can be physiological such as pain and symptoms 
of illness (Carpenter, 2010). 
Self-efficacy is defined as “the conviction that one can successfully execute the behavior 
required to produce the outcomes” (Bandura, 1977). A conviction can influence the 
decisions by maintaining a behavior which leads to the promotion of physical activity.  
2.2.3. HBM in regard to physical activity of children 
A cross-sectional study which was conducted in children found that perceived benefits, 
perceived barriers and cues to action had enormous influence on children physical activity 
and also reported that perceived support from parents and peers increased the self-efficacy 
levels in these children (Ar-Yuwat et al. 2013). Many earlier studies also found self-
efficacy as the most important construct of HBM which was studied frequently and 
reported its positive association with physical activity behavior in children and adolescents 
(van Der Horst et al, 2007; Motl et al, 2002; O'Loughlin et al., 1999; Trost et al, 1997).  
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Several studies found that perceived barriers decrease the promotion of physical activity in 
children and likelihood of engaging in preventive health practice (Sallis et al., 2000; Ar-
Yuwat et al, 2013).  
2.3. Determinants for physical activity 
2.3.1. Environmental determinants 
According to Gordon-Larsen et al (2000), prime determinants for physical activity and 
inactivity are not similar, because environmental factors affect the physical activity while 
socio-demographic factors have strong association with sedentary behavior.  
Environmental factors including the facilities of school and community programs, facility 
of fitness equipment at home, physical environments, physical safety, and exercise 
opportunities have all been found to be significant determinants of physical activity in 
adolescents (Felton et al., 2002; Gordon-Larsen, McMurray & Popkin, 2000; Lindquist, 
Reynolds & Goran, 1999; Nelson, Gordon-Larsen, Song & Popkin, 2006; Strauss et al., 
2001; Ward et al., 2006). Participation in school physical education was significantly 
associated with possibility of engaging in MVPA for a nationally representative sample of 
over 17,000 adolescents’ ages 11 to 21 years in United States (Gordon-Larsen et al. 2000). 
Community recreation centers also help the adolescents in order to engage them in MVPA 
except in those who do not use these centers (Gordon-Larsen et al. 2000). The participation 
of organized sports at school and community increased the levels of physical activity 
among White and African American high school female adolescents (Ward et al. 2006).
 
Moreover, crime rates also act as a potential determinant of physical activity and promote 
the inactivity especially for African American adolescents who are residents of high crime 
localities but its impact is not as strong as school physical education and the use of 
community recreation centers (Gordon-Larsen et al. 2000). High crime levels lead to 
decline in the physical activity among adolescents (Pate et al. 1996).  According to Molnar 
et al. 2004, children were physical active for an additional forty nine minutes a week in 
safe vicinities as compared to the vicinity where crime rates were high. 
External factors also affect physical activity in adolescents such as the decline in physical 
activity during winter and especially during snowfall in Canada (Belanger et al. 2009). 
Gordon-Larsen et al. (2000) also studied the effect of season on physical activity in 
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adolescents and found that there was no association between month and patterns of 
physical activity. 
2.3.2. Socio-cultural determinants 
Several reviews that were conducted earlier concluded that social factor such as the 
influence of parents exerted a strong impact on children’s activity (Sallis et al. 2000). 
Parents have a strong influence on children and adolescent physical activity by providing 
moral support (Sallis et al. 2000). 
There is an association between physical activity and socio-cultural determinants when 
parents especially fathers act as role models by their behavior and encourage their 
daughters to be active (Davison et al., 2003; Moore et al., 1991). Moreover, support from 
family and friends also promote physical activity in children (Davison, 2004; Prochaska et 
al., 2002; Sallis et al., 1999a; Sallis et al., 2000).  
Another study which was conducted in 9-year old children found that parents who 
participated regularly in playing activities with their children significantly increased their 
children’s physical activity levels (Strauss et al., 2001). Several studies have found 
significant association between parental support and physical activity among adolescents 
(Anderssen & Wold, 1992; Davison & Schmalz, 2006; Gustafson & Rhodes, 2006; 
Schmitz et al., 2002; Trost et al., 2003; Ward et al., 2006). 
  Using data from National Longitudinal Study of Adolescent Health, Ornelas et al. (2007) 
found that parent engagement, family cohesion and mother-child communication were 
prime characteristics that result in higher levels of physical activity among 13,000 
adolescents in the United States. Moreover, Ornelas et al. (2007) found that mother-child 
communication is comparatively stronger in female adolescents than male adolescents 
while male adolescents have higher levels of family cohesion than female adolescents. 
Some studies also examined the association between adolescent physical activity and 
maternal parenting style that can vary among boys and girls. According to Schmitz et al. 
(2002), young girls whose mothers fulfilled demands and needs by following the 
authoritative parenting style showed higher levels of physical activity. On the contrary, 
non-authoritative style of parenting was associated with high level of physical activity in 
seventh grade male students. Due to socio-cultural factors, girl’s participation in physical 
activity was quite low as compared to boys and this was due to lack of support from 
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teachers in schools and parents as well which tend to create a gender gap in activity 
(Thomas, 1988). 
2.3.3. Psychological, cognitive and emotional determinants 
Self-efficacy is an important psychological factor which is considered as predictor of 
individual behavior. Previous studies have documented several psychological factors such 
as self-efficacy, perceived benefits of physical activity, attitude towards physical activity, 
motivation, enjoyment, and health beliefs to be considerably associated with physical 
activity (Dishman et al., 2005; Dishman et al., 2006; Felton et al., 2002; Garcia et al., 
2006; Kohl & Hobbs, 1998; Lemmon et al., 2007; Motl et al., 2002; Sallis et al., 1999a; 
Strauss et al., 2001; Ward et al., 2006). 
Dishman et al. (2006) conducted a study on more than 400 black and white girls of 9
th
 and 
12
th
 grade and found that high self-efficacy levels in girls increased their physical activity. 
Another study which was conducted on 5
th
 grade children in a rural area found that self-
efficacy is an important predictor of physical activity (Trost et al., 1997).   
Another study found the considerable positive association between self-efficacy and 
physical activity by concluding that more active children of 6
th
 grade reported higher self-
efficacy than low active 6
th
 grade children (Trost et al., 1999b). A study conducted on 
more than 300 children of 5
th
 grade concluded that those children who were involved in 
vigorous activity reported higher self-efficacy as compared to low active children (Pate et 
al., 1997).  
According to Trost et al. (2001), obese children in the 6
th
 grade reported low physical 
activity due to low levels of self-efficacy and authors of this study suggested to increase 
the self-efficacy among obese children in order to promote their physical activity. Several 
earlier studies also reported the positive association between self-efficacy and physical 
activity among children and adolescents (Reynolds et al. 1990; Trost et al. 1996; Zakarian 
et al. 1994). 
Health beliefs such as perceived benefits and perceived barriers, and attitudes are the most 
important determinants of physical activity in children. Moreover, children usually take 
part in those activities for which they have a positive attitude (Kohl & Hobbs, 1998). 
According to Deforche et al. (2004), perceived benefits promote the physical activity while 
perceived barriers tend to decrease the physical activity levels. Moreover, enjoyment is an 
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important determinant that had positive association with physical activity among children 
and adolescents (Stucky-Ropp and DiLorenzo 1993; Tinsley et al. 1995). According to 
Sallis et al. (1999a), factors such as perceived competence and activity preference were 
reported to have a significant association with physical activity among 4
th
 and 5
th
 grade 
children.  
2.3.4. Behavioral attributes and skill factors 
A cross sectional study of over 400 Canadian children found that reduction in sedentary 
behavior (i.e., watching television and playing video games on computer) will promote the 
physical activity at all phases of life. Moreover, the measurement of sedentary behavior at 
early life will also help the researchers to determine the effects of intervention methods i.e. 
direct observation, parent-report, pedometers and accelerometers (Colley et al. 2013).  
Systemic review of more than 200 studies found that school-aged children who spend more 
than two hours daily in sedentary activities reported lower fitness level, and concluded that 
inactivity issues in children can be resolved by minimizing the sedentary attitude and 
promoting the awareness of physical activity among children (Tremblay et al. 2011). 
According to Epstein et al. (2000), sedentary behavior is inversely associated with physical 
activity among 8 to 12 years-old children. 
Physical activities that were performed at early stages of life act as important predictor of 
current physical activity in adolescents (De Bruijin et al. 2006). A cross sectional study of 
more than 300 African-American 4
th
 and 5
th
 graders found that students who were 
following healthy behaviors such as intake of nutritious food and exercise were one-third 
less likely to smoke a cigarette or consume alcohol than those students who took part in 
only few healthy activities (D'Elio et al. 1993). Another study conducted on rural school 
children found positive association between healthy diet and physical activity (Terre et al. 
1990). Study conducted on Canadian youth found that smoking and alcohol consumption 
lead to decline in physical activity among adolescents (Higgins et al. 2003). 
2.3.5. Demographic and biological determinants 
The knowledge of physical activity determinants would be considerably enhanced by 
inspection of correlates such as gender and age, which were earlier identified in various 
cohort studies (Craggs et al. 2011).
 
A review of 108 studies published in 1999 concluded 
that demographic variables such as gender, age and biological variable such as body 
weight were studied more frequently in earlier studies (Sallis et al. 2000). Age related 
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difference in physical activity has been observed among boys and girls that should be 
explored further in future research (Dumith et al. 2011).
 
Gender, age and socioeconomic status (SES) were the most studied demographic factors in 
earlier studies of children and adolescent while gender was the most consistent 
demographic factor that was significantly associated with the change in physical activity 
(Craggs et al. 2011). During the age of nine to fifteen years, gender and age were the prime 
determinants of moderate-to-vigorous physical activity (MVPA) while SES was also 
associated with significant decline in MVPA (Nader et al. 2008). Another study which was 
conducted on children found that girls with high SES reported a greater decline in 
sedentary behavior such as watching television (Ball et al. 2009). 
 
According to Schmitz et al. (2002), girls are comparatively more active than boys when 
both parents have completed college education. Highly educated mothers of adolescents 
play a major role to involve them in MVPA. There is also a significant association between 
the family income and physical activity as higher family income increased the likelihood 
of adolescent’s participation in MVPA (Gordon-Larsen et al. 2000).  
Prior studies have also examined that transportation which is provided by parents to their 
children in order to participate in activities at sports club and paying membership fees of 
these organizations eventually resulted in high levels of physical activity among children 
(Sallis et al., 1992; Sallis et al., 1999a). Study conducted on 6.5 to 13 years age of children 
in the United States found that children who are residents of single-parent home reported 
lower levels of physical activity as compared to children living in two parent homes 
(Lindquist et al., 1999). 
According to Cairney et al. (2014), biological processes that are involved in growth and 
development also play an important role in the decline of physical activity among 
adolescents as girls reported significant decline in participation in physical activity as 
compared to boys in this study. According to Sallis et al. (1999a), girls of 4
th 
and 5
th
 grades 
reported larger decline in physical activity than boys. 
Several population based studies have concluded that children and adolescents of ethnic 
minorities have lower physical activity levels than Caucasians (Taylor et al. 1998). 
Mexican American preschoolers showed less activity as compared to white children during 
both indoor and outdoor activities (McKenzie et al. 1992). Physical activity was low in 
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non-Hispanic black and Hispanic adolescents (Gordon-Larsen et al. 2000). SES factor is 
also considered as potential confounder for ethnic differences in health behaviors and 
outcomes (Sallis et al. 2000).  According to Sallis (2000), girls and those belong to ethnic 
minorities are considered as high risk inactive individuals and they need special 
intervention programs at early stages of life. 
2.4. Summary of physical activity determinants 
Figure 1 summarizes the determinants of physical activity based on literature. 
Figure 1. Summary of physical activity determinants based on literature 
  
Determinants 
Environmental  
1. School physical 
education 
2. Community 
Recreation centers 
3. Fitness 
equipment at home 
4. Crime rate 
5. Weather 
Socio-cultural  
1. Parents 
influence 
2. Family & 
friends support 
3. Mother child 
communication 
4. Maternal 
Parenting style 
5. Restrictions for 
girls 
Behavioral  
1. Sedentary 
behavior 
2. Healthy 
behavior 
3. Smoking & 
Alcohol 
consumption 
4. Previous 
physical activity 
Psychological,
cognitive & 
emotional  
1. Self-efficacy 
2. Perceived  
benefits 
3. Perceived 
barriers 
4. Attitudes 
5. Motivation 
6. Enjoyment 
Demographic & 
Biological  
1. Gender 
2. Age 
3. Body Weight 
4. Biological 
processes 
5. Ethnicity 
6. SES 
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3. OBJECTIVE 
The primary objective of the study was to explore and recognize the determinants of total 
physical activity among 6-8-years-old primary school children in Kuopio, Finland. 
Specific aims of the study were 
1) to describe the physical activity and sedentary behavior characteristics among boys 
and girls. 
2) to analyze the determinants of physical activity in the whole study population and 
separately for boys and girls. 
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4. METHODS 
4.1. Study design and study population  
PANIC Study is an ongoing and long-term controlled physical activity and diet 
intervention study in a population sample of healthy children of 6-8 years of age from 
Kuopio, Finland. After research ethics committee approval, verbal and written informed 
consents were taken from parents and children. Overall 732 children were officially invited 
during 2007-2009 for baseline examinations while 512 children participated in the baseline 
examinations. 309 children were allocated into the intervention group and 203 children 
were allocated into the control group. Complete data on variables used in this analysis 
were available for 350 children (183 boys and 167 girls) at baseline. 
4.2. Demographics and biomarkers 
PANIC study questionnaire was administered to assess age and sex of children. Wall-
mounted stadiometer and Inbody 720
® 
bioimpedance device was used to measure body 
height and weight, respectively. Body weight was divided by body height squared for BMI 
while national references were used to find the BMI- standard deviation score (Saari et al. 
2011). Waist circumference was measured between the bottom of the rib cage and the apex 
of the iliac crest. Lunar
® 
dual energy x-ray absorptiometry (DXA) device was used to 
measure body lean mass and body fat percentage (BF%) while cut-off values of 
categorized BF% were < 20 % body fat, 20.1-33% body fat and > 33% body fat.  
Blood pressure i.e. systolic and diastolic blood pressures were recorded by a calibrated 
aneroid sphygmomanometer (Heine 130 Gamma G7, Munich, Germany). Three 
measurements were taken in the sitting position at two minutes interval after the rest of 5 
minutes and their mean reading was used as systolic and diastolic blood pressure. 
 Qualified nurse took venous blood samples-after twelve hours of overnight fast at Institute 
of Biomedicine, University of Eastern Finland. Serum insulin, plasma glucose, high 
density lipoprotein (HDL), low density lipoprotein (LDL), triglycerides, plasma urate, 
plasma alanine aminotranferase (ALT) and plasma gamma-glutamyl transferase (GGT) 
were assessed and methods have been described earlier (Viitasalo et al. 2012). Plasma 
glucose was measured by hexokinase method (Roche Diagnostics Co, Mannheim, 
Germany). Electrochemiluminescence immunoassay was done to analyze serum insulin 
and colorimetric enzymatic assay was performed to analyze plasma triglycerides and 
plasma total cholesterol (Roche Diagnostics Co). HDL and LDL cholesterols were 
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analyzed by homogeneous enzymatic colorimetric assay (Roche Diagnostics Co). Plasma 
urate, ALT and plasma GGT (Roche Diagnostics Co) were analyzed by kinetic method 
according to IFCC. 
4.3. SES information 
PANIC study questionnaire was administered to collect the SES data including annual 
household income and parental education. Annual household incomes were classified into 
3 categories i.e. < 30000 €, 30001-60000 € and > 60001 €. Parental education was also 
classified into 3 categories i.e. vocational school or less, college or other high vocational 
degree and university. 
4.4. Meals and snacks intake 
Main meals were categorized into breakfast, lunch and dinner while eating and drinking 
between the meal times were classified as snacks. The average number of meals and 
snacks that were eaten per day were assessed by food records of four consecutive days. 
4.5. Sleep duration 
The questions related to sleep were asked from parents by using the PANIC study 
questionnaire. They were asked about current sleep behaviors of their child and average 
time of sleeping (hours) was asked in 30 minutes’ accuracy. We categorized sleep into <10 
and < 10 hours groups. 
4.6. Fitness 
Exercise stress test was performed under the supervision of physician and a nurse by 
electromagnetic cycle ergometer (Ergoselect 200K, Ergoline, Germany) in order to 
determine the maximal achieved work load i.e. cardiovascular fitness. Warm-up period of 
3 minutes were tested at a workload of 5 watts while steady state period of 1 minute at a 
workload of 20 watts. Moreover, after every 6
th
 second work load was increased by one 
watt until exhaustion condition and cool-down period consisted of 4 minutes at a workload 
of 5 watts. 
Neuromuscular fitness of children was assessed with a modified flamingo balance test 
where the child was instructed to stand on one leg without opening of eyes. The test score 
was the number of errors i.e. floor touches with a barefoot or opening of the eyes during 30 
seconds. Sit and reach test was performed by wearing heels and the distance between the 
heels were twenty five centimeters and then measuring stick was placed at a distance of 
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thirty eight centimeters from the zero line that was pre-set, then children were instructed to 
move slowly in forward motion with parallel hands and finally out of 3 attempts (based on 
longest distance covered by fingertips that started from 38 centimeters) the best result was 
recorded.  
Handgrip strength of right and left hand was determined by Martin vigorimeter 
(Tuttlingen, Germany) by instructing the children to keep their elbow near to body and 
flexing their arm to 90 degree and the best result was recorded after three attempts of 
maximal effort presses by both hands.  
4.7. Physical activity 
PANIC Physical Activity Questionnaire was administered by parents at home to evaluate 
the physical activity during a standard week. Physical activity during recess, structured 
exercise, organized sports, unstructured physical activity and commuting to and from 
school, were the types of physical activity assessed. The frequency and single duration of 
each aforementioned physical activity type were expressed in weekly and hourly sessions, 
respectively. Weekly physical education at school of ninety minutes of all 1
st
 grade 
children was included in the total physical activity. 
4.8. Media time and sedentary activities 
Media time included watching television or videos, using computer or playing video 
games, using mobile phone and playing mobile games while sedentary activities included 
listening to music, playing a musical instrument, reading, writing, drawing, doing arts and 
crafts, playing board games and resting on weekdays. Total weekly media time and total 
weekly sedentary activity time were calculated by totaling the amount of each media time 
and sedentary activity performed on weekdays and weekend.  
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4.9. Study variables  
Table 1. Variables tested as determinants of total physical activity. 
Variables 
 
DEMOGRAPHIC AND BIOLOGICAL 
 Age, years 
 Sex 
 Total body fat percentage, % 
 Total body lean mass, kg 
SES 
 Annual Household Incomes, Euros (< 30000 €, 30001- 60000 €, > 60001 €) 
 Parent education (Vocational school or less, college or other high vocational degree, 
university) 
BEHAVIORAL 
 Hours slept at night, h 
 Total electronic media time (min/week, for model 1)* 
 Total sedentary activities (min/week, for model 2)* 
 Number of main meals per day  
 Number of snacks per day  
FITNESS TEST 
 Maximal workload per total body lean mass, W/kg 
 Maximal workload per weight, W/kg 
 A modified flamingo balance, times/30s. 
 Sit and reach, cm 
 Handgrip strength,  right hand,  kPa 
 Handgrip strength,  left hand,  kPa 
 
*Models are explained in the statistical methods. 
4.10. Ethical issues and risk management 
The approval of the PANIC Study protocol and the permission to conduct the study was 
received from the Research Ethics Committee of Hospital District of Northern Savo in 
2006. The children and their parents’ consent were taken before the initiation of the study 
and informed verbally and in writing about the details of the study. The study has taken 
insurance for the children in case of bouts of illness and accidents during examinations or 
interventions.  
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4.11.  Statistical methods 
Statistical analyses were performed with the SPSS software, Version 21.0 (IBM Corp, 
Armonk, NY). Differences in means of basic characteristics, fitness test results, physical 
activity and sedentary behavior characteristics between genders were tested with the 
independent samples t-test while common activities among boys and girls were analyzed 
by frequency distribution. The association of determinants with total physical activity was 
analyzed by linear regression stepwise models in the whole study population and also 
separately for boys and girls using a P value of <0.05 as the entry criterion. The variables 
entered in the models are shown in table 1 and two models were created so that electronic 
media time was entered in model 1 and sedentary activities in model 2. 
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5. RESULTS 
5.1. Basic characteristics  
Complete data consisted of 350 children (183 boys, 167 girls). Table 2 describes the 
demographic, biological, biomarkers, SES and behavioral characteristics of primary school 
children of Kuopio. The mean (standard deviation) age of children was 7.7 (0.4) for both 
genders. Boys were taller (129.6 cm vs. 128.2 cm), weighed almost equal (27.2 kg vs. 26.6 
kg), and had a lower total body fat percentage (17.10 % vs. 22.18 %) and higher total body 
lean mass (21.57 kg vs. 19.75 kg) than girls. Boys’ family household incomes belonged 
more often in the highest third (>60000€/year) than girls’ family household incomes. Girl’s 
parents had more often college or other high vocational degree than boy’s parents. 
Table 2.  Demographic, biological, biomarkers, SES, and behavior characteristics in boys 
and girls. 
 
 All (N=350) Girls  (N=167) Boys (N=183) P-value 
b 
 
DEMOGRAPHIC AND BIOLOGICAL 
Age, years 
 
7.7 ± 0.4 
a
 7.6 ± 0.3 7.6 ± 0.4 0.232 
Weight, kg 
 
27.0 ± 5.0 26.6 ± 5.0 27.2 ± 5.0 0.359 
Weight Standard 
Deviation Score 
 
Total body fat 
percentage, % 
 
Total body lean mass, 
kg 
 
0.4 ± 1.0 
 
 
19.54 ± 8.11 
 
 
20.70 ± 2.27 
 
 
0.29 ± 1.0 
 
 
22.18 ± 7.41 
 
 
19.75 ± 1.99 
 
 
0.4 ± 1.1 
 
 
17.10 ± 7.97 
 
 
21.57 ± 2.17 
 
0.201 
 
 
<0.001 
 
 
<0.001 
Height, cm 
 
129.0 ± 5.3 128.2 ± 5.3 129.6 ± 5.3 0.013 
Height Standard 
Deviation Score 
 
0.6 ± 1.0 0.6 ± 0.9 0.7 ± 0.9 0.279 
Body Mass Index, 
kg/m
2
 
 
16.1 ± 2.1 16.1 ± 2.1 16.0 ± 2.1 0.756 
Body Mass Index 
Standard Deviation 
Score 
 
0.02 ± 1.0 -0.001 ± 1.0 0.04 ± 1.1 0.692 
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Waist Circumference, 
cm 
 
57.0 ± 6.0 56.1 ± 5.4 57.2 ± 6.0 0.063 
     
BIOMARKERS IN  FASTING 
 
Blood Hemoglobin, 
g/l 
 
125.0 ± 8.0 125.1 ± 8.0 124.8 ± 7.3 0.670 
Plasma Glucose, 
mmol/l 
 
4.82  ± 0.39 4.77 ± 0.37 4.88 ± 0.41 0.007 
Plasma Total 
Cholesterol, mmol/l 
 
4.29 ± 0.61 4.32 ± 0.61 4.25 ± 0.61 0.260 
Plasma HDL 
Cholesterol, mmol/l 
 
1.61 ± 0.31 1.56 ± 0.31 1.64 ± 0.31 0.023 
Plasma LDL 
Cholesterol, mmol/l 
 
 
2.40 ± 0.51 
 
2.42 ± 0.52 
 
2.31 ± 0.49 
 
0.043 
Plasma Triglycerides, 
mmol/l 
 
0.60 ± 0.30 0.62 ± 0.26 0.59 ± 0.25 0.251 
Plasma ALT, U/I 
 
19.0 ± 6.1 18.3 ± 5.3 18.8 ± 6.1 0.435 
Plasma Urate, umol/l 
 
199.5 ± 39.5 200.3 ± 39.0 198.6 ± 39.9 0.684 
Plasma GGT, U/l 11.6 ± 2.6 11.6 ± 2.6 11.8 ± 2.7 0.448 
 
SES  
 
Annual Household 
Incomes, Euros 
 
< 30000 € 
 
30001- 60000 € 
 
> 60001 € 
 
 
 
61 (17.4)
 c
 
 
    152 (43.4) 
 
137 (39.1) 
 
 
 
32 (19.2) 
 
     79 (47.3) 
 
56 (33.5) 
 
 
 
29 (15.8) 
 
     73 (39.9) 
 
81 (44.3) 
 
 
 
0.414
 d
 
 
      0.162 
 
      0.040 
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Parental Education  
Vocational school or 
less 
 
College or other high 
vocational degree 
 
University 
 
 
 
 
    64 (18.3) 
 
 
163 (46.6) 
 
 
    123 (35.1) 
 
 
30 (18.0) 
 
 
87 (52.1) 
 
 
     50 (29.9) 
 
 
34 (18.6) 
 
 
76 (41.5) 
 
 
     73 (39.9) 
 
 
 
0.882 
 
 
0.048 
 
 
       0.051 
BEHAVIORAL 
Hours slept at night, 
h. 
 
Number of main 
meals per day  
 
Number of snacks per 
day  
9.8 ± 0.5 
 
 
2.7 ± 0.25 
 
 
2.7 ± 0.9 
9.82 ± 0.5 
 
 
2.7 ± 0.24 
 
 
2.66 ± 0.9 
9.9 ± 0.5 
 
 
2.76 ± 0.26 
 
 
2.66 ± 0.8 
0.170 
 
 
0.310 
 
 
0.980 
a 
Mean ± SD, 
b 
Independent samples t-test, 
c
 n (%),
d 
Chi-squared test 
 
Fitness test results of boys and girls are shown in table 3. Results show generally better 
cardiorespiratory and neuromuscular performance in boys than girls except for modified 
flamingo balance test.  
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Table 3.  Fitness tests. 
 
 All (N=350) Girls  (N=167) Boys (N=183) P-value b 
 
Maximal 
achieved work 
load in exercise 
stress test, W/kg 
 
Maximal 
workload per 
total body lean 
mass, W/kg  
 
Maximal 
workload per 
weight, W/kg 
 
 
76.9 ± 15.2 
a 
 
 
 
 
 
3.71 ± 0.51 
 
 
 
2.90 ± 0.53 
 
 
70.55 ± 12.5 
 
 
 
 
 
3.58 ± 0.50 
 
 
 
2.68 ± 0.45 
 
 
 
82.7 ± 15.05 
 
 
 
 
 
3.84 ± 0.48 
 
 
 
3.10 ± 0.52 
 
 
 
<0.001 
 
 
 
 
 
<0.001 
 
 
 
<0.001 
A modified 
flamingo 
balance test, 
times/30s 
 
3.9 ± 3.0 3.2 ± 2.3 4.49 ± 3.1 <0.001 
Sit and reach, 
cm 
 
-3.5 ± 8.0 -0.15 ± 7.25 -6.4 ± 7.3 <0.001 
Handgrip 
strength,  right 
hand,  kPa 
 
47.8 ± 9.0 45.37 ± 9.0 50.0  ± 8.4 <0.001 
Handgrip 
strength, left 
hand, kPa 
 
46.9 ± 9.0 45.26 ± 8.2 48.4 ± 9.0 0.001 
a 
Mean ± SD, 
b 
Independent samples t-test 
Table 4 describes the physical activity and sedentary behavior characteristics among girls 
and boys. An independent samples t-test was conducted to compare total physical activity 
(min/week) between boys and girls and there was a significant difference in the scores for 
boys and girls (p=0.005). Specifically, our results suggest that boy’s total physical activity 
levels are comparatively higher than girls. There were more boys (381 vs. 318) than girls 
who spent time in unstructured physical activity. 
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According to Table 4, boy’s participation in structured and unstructured exercise was 
significantly higher than girls. There was also a significant difference in sedentary 
activities among boys and girls (p=0.020) and results suggest that engagement in sedentary 
activities was considerably higher in girls than boys. Boys’ participation in electronic 
media time activities was significantly higher than girls’ (p=<0.001). 
Table 4.  Physical activity and sedentary behavior in boys and girls. 
 
 All (N=350) Girls  (N=167) Boys (N=183) P-value 
b
 
 
Total physical 
activity, min/week 
 
 
797 ± 295
 a
 
 
751 ± 277 
 
840 ± 305 
 
0.005 
Unstructured 
physical activity, 
min/week 
 
351± 221 318 ± 219 381 ± 219 0.008 
Structured exercise, 
min/week 
 
45± 82 34 ± 47 56 ± 104 0.008 
Structured exercise, 
times/week 
 
2 ± 1 2 ± 1 2 ± 1 0.023 
Unstructured 
exercise, 
times/week 
 
5± 1 6  ± 1 6 ± 1 0.012 
Organized sports, 
min/week 
 
63± 87 55 ± 82 71 ± 90 0.092 
Commuting to and 
from school, 
min/week 
 
133 ± 115 143 ± 121 125 ± 109 0.135 
Total sedentary 
activities, min/week 
 
1502 ± 742 1598  ± 772 1414  ± 703 0.020 
Total electronic 
media time, 
min/week 
724 ± 371 644 ± 345 799 ± 379 <0.001 
a 
Mean ± SD, 
b 
Independent samples t-test  
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Frequency of activities among boys is shown in table 5. The most common activity among 
boys was spare time weekend exercise that was performed at home (95.6%) while the 10th 
most frequent activity by boys was spare time drawing at home (55.2%). Weekdays 
exercise at home and watching television or videos at home were also reported as common 
activities among boys. 
Table 5. The most frequent activities among boys. 
 Boys (N=183) 
 
Weekends exercise at home during spare 
time, n (%) 
 
 
175 (95.6) 
Spare time watching TV or videos at home, 
n (%) 
169 (92.3) 
 
 
Weekdays exercise at home during spare 
time, n (%) 
 
 
167 (91.3)
 
Spare time unstructured outdoor play, n (%)  
 
159 (86.9) 
 
Spare time unstructured cycling, n (%)  
 
148 (80.9) 
 
Usages of computer or play video games at 
home during spare time, n (%) 
 
133 (72.7) 
Help parents for cleaning, n (%) 
 
120 (65.6) 
 
Spare time unstructured swimming or other 
water sport, n (%)  
 
118 (64.5) 
 
Spare time unstructured football, n (%) 102 (55.7) 
 
Drawing at home during spare time, n (%) 101 (55.2) 
 
Frequency of activities among girls is shown in table 6. The  most common activity among 
girls was spare time weekend exercise that was performed at home (94.6%) while the 10th 
most frequent activity by girls was spare time arts and crafts at home (57.5%). 
Unstructured outdoor play during spare time and watching television or videos at home 
were also reported as common activities among girls. 
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Table 6. The most frequent activities among girls. 
 Girls  (N=167) 
 
Weekends exercise at home during spare 
time, n (%) 
 
 
158 (94.6) 
Spare time watching TV or videos at home, 
n (%) 
 
155 (92.8) 
Spare time unstructured outdoor play, n (%) 
 
152 (91.0) 
 
Drawing at home during spare time, n (%) 
 
149 (89.2) 
Weekdays exercise at home during spare 
time, n (%) 
 
138 (82.6)  
Help parents for cleaning, n (%) 
 
135 (80.8) 
Spare time unstructured cycling, n (%) 
 
134 (80.2) 
 
Spare time unstructured skating or figure 
skating, n (%) 
 
117 (70.1) 
 
Spare time unstructured swimming or other 
water sport, n (%) 
 
115 (68.9) 
 
Arts and crafts at home during spare time, n 
(%) 
96 (57.5) 
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5.2. Determinants of physical activity  
Analysis was performed by two models i.e. Model 1 and 2, in order to see the difference in 
the association of determinants with total physical activity in both the models. The 
variables in both the models were the same as shown in table 1 with the exception of 
inclusion of electronic media time in model 1 and sedentary activities in model 2. 
5.2.1 Model 1 
A step wise linear regression analysis (Table 7) revealed that maximal workload per total 
body lean mass was a highly significant determinant of total physical activity among girls 
and boys (β = 0.293, P <0.001).  Total body lean mass was also a significant determinant 
of total physical activity among girls and boys while total body fat percentage, total 
electronic media time and parents university education had negative association with total 
physical activity among girls and boys.  
Table 7. Determinants of total physical activity (min/week) among girls and boys.
 
 Beta P-value 
a
 
 
Maximal workload per total body 
lean mass, W/kg 
 
 
0.293 
 
<0.001 
Total body lean mass, kg 
 
Total body fat percentage, % 
 
0.228 
 
-0.256 
<0.001 
 
<0.001 
 
Total electronic media time, 
min/week 
 
-0.206 <0.001 
Parents university education -0.118 0.014 
a 
Stepwise linear regression analysis. Independent variables that are listed in table 1 were 
entered with the exception of sedentary activities. 
We also applied step wise linear regression separately for boys and girls in order to find the 
differences in determinants of total physical activity in both groups. A step wise linear 
regression analysis (Table 8) revealed that maximal workload per total body lean mass was 
a significant determinant of total physical activity among girls (β = 0.321, P <0.001). Total 
media electronic time was negatively associated with total physical activity among girls. 
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Table 8. Determinants of total physical activity (min/week) among girls. 
 Beta P-value
 a
 
 
Maximal workload per total body 
lean mass, W/kg 
 
 
0.321 
 
<0.001 
Total electronic media time, 
min/week 
-0.262 <0.001 
a 
Stepwise linear regression analysis. Independent variables that are listed in table 1 were 
entered with the exception of sedentary activities. 
A step wise linear regression analysis (Table 9) revealed that total body lean mass was a 
highly significant determinant of total physical activity among boys (β = 0.323, P <0.001). 
Maximal workload per total body lean mass and parents college or other higher vocational 
degree were also significant determinants of total physical activity among boys while total 
body fat percentage had negative association with total physical activity. 
Table 9. Determinants of total physical activity (min/week) among boys.
 
 
 Beta P-value
 a
 
 
Total body lean mass, kg 
 
Maximal workload per total body 
lean mass, W/kg 
 
Parents college or other higher 
vocational degree 
 
 
0.323 
 
0.229 
 
0.160 
 
<0.001 
 
0.001 
 
0.015 
 
Total body fat percentage, % -0.349 <0.001 
a 
Stepwise linear regression analysis. Independent variables that are listed in table 1 were 
entered with the exception of sedentary activities. 
5.2.2 Model 2 
A step wise linear regression analysis (Table 10) revealed that maximal workload per total 
body lean mass was a highly significant determinant of total physical activity among girls 
and boys (β = 0.282, P <0.001). Total body lean mass and parents college or other higher 
vocational degree were also significant determinants of total physical activity while total 
body fat percentage had negative association with total physical activity among girls and 
boys. 
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Table 10. Determinants of total physical activity (min/week) among girls and boys.
 
 
 Beta P-value
 a
 
 
Maximal workload per total body 
lean mass, W/kg 
 
 
0.282 
 
<0.001 
Total body lean mass, kg 
 
0.208 <0.001 
Parents college or other higher  
vocational degree 
 
Total body fat percentage, % 
0.126 
 
 
-0.238 
0.010 
 
 
<0.001 
a 
Stepwise linear regression analysis. Independent variables that are listed in table 1 were 
entered with the exception of electronic media time. 
We also applied step wise linear regression in Model 2 separately for boys and girls in 
order to find the differences in determinants of total physical activity in both groups. A 
step wise linear regression analysis (Table 11) revealed that maximal workload per total 
body lean mass was a significant determinant of total physical activity, while parent’s 
annual income less than thirty thousand Euros was negatively associated with total 
physical activity among girls. 
Table 11. Determinants of total physical activity (min/week) among girls.
 
 
 Beta P-value
 a
 
 
Maximal workload per total body 
lean mass, W/kg 
 
 
0.321 
 
<0.001 
Parents annual income < 30000, 
Euros  
-0.262 0.041 
a 
Stepwise linear regression analysis. Independent variables that are listed in table 1 were 
entered with the exception of electronic media time. 
A step wise linear regression analysis (Table 12) revealed that total body lean mass was a 
highly significant determinant of total physical activity among boys (β = 0.323, P <0.001). 
Maximal workload per total body lean mass and parents college or other higher vocational 
degree were also significant determinants of total physical activity, while total body fat 
percentage had negative association with boys total physical activity. 
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Table 12. Determinants of total physical activity (min/week) among boys.
 
 
 Beta P-value
 a
 
 
Total body lean mass, kg 
 
Maximal workload per total body 
lean mass, W/kg 
 
 
0.323 
 
0.229 
 
<0.001 
 
0.001 
Parents college or other higher 
vocational degree 
 
Total body fat percentage, % 
0.160 
 
 
-0.349 
0.015 
 
 
<0.001 
a 
Stepwise linear regression analysis. Independent variables that are listed in table 1 were 
entered with the exception of electronic media time. 
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6. DISCUSSION 
According to Telama et al. (2005), physical activity performed during school-age has 
significant impact on physical activity of adults and in broader context the public health of 
the entire population, as well. Some earlier studies and more specifically the Finnish 2014 
Report Card on Physical Activity for Children and Youth also suggested studying the 
determinants of physical activity at early stage of life (Craggs et al. 2011; Grasten et al. 
2014).  
Moreover, paucity of literature related to determinants of physical activity especially 
among children provided the motivation to find the possible determinants in children that 
can influence the state of health during adolescence and adulthood phase and the 
association of determinants with total physical activity. The present study showed that 
there are various determinants that have a relationship to total physical activity in 6-8-
years-old school children.  
6.1. Main findings  
Biological characteristic such as total body fat percentage had a negative association with 
total physical activity among boys and girls and the results are also in line with earlier 
study (Ekelund et al. 2006). This study also revealed that total body lean mass was among 
the strongest physical activity determinants among boys as their physical activity was 
comparably higher than girls and some earlier studies reported that physical activity 
increases the body lean mass in children (Regaieg et al., 2013; Lazaar et al., 2007; 
Schlumpf et al., 2006). Moreover, earlier studies stated that body lean mass is composed of 
skeletal muscle and larger muscles help to increase the physical activity among children 
(Farias et al., 2014; Vicente-Rodriguez et al., 2005).  
The lack of finding related to the association of total physical activity and sedentary 
activities confirms that a behavioral aspect does not exert a momentous influence on the 
total physical activity of 6-8-years school children. Moreover, some earlier studies reported 
that engagement in the sedentary activities increased with growing age (Sjöström et al., 
2006; Muntner et al., 2005; Livingstone et al., 2001). The results of this study didn’t show 
any association of health behavior i.e. snacks and meal intake with total physical activity of 
children. 
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This study also illustrated that boys spent more time on electronic media activities than 
girls and these findings are also in line with the results of earlier studies (Huston et al., 
1999; Bianchi & Robinson, 1997). This study demonstrated for the first time that 
electronic media time had negative association with total physical activity among 6-8-
years-old boys and girls and the findings are not in line with earlier study that reported the 
positive association of electronic media time and physical activity among children 
(Strasburger et al. 2012). 
Boys’ engagement in physical activity behaviors was apparently higher as compared to 
girls while engagement in sedentary behaviors was comparatively higher among girls than 
boys and these results are also in line with results that have been found in some previous 
studies in children (Colley et al., 2011; Verloigne et al., 2008; Ness et al., 2007). Boy’s 
higher physical activity can be most likely due to positive association of parent’s college or 
other high vocational degree with total physical activity. Moreover, there was a significant 
difference in parent’s high income level among boys as compared to girls and these 
findings are also in line with earlier studies (Lehto et al., 2009; Gordon-Larsen et al., 
2004).According to results, boys spent more time in structured and unstructured physical 
activity which is also another reason of boy’s higher physical activity than girls.  
High scores in fitness tests were observed among boys and according to earlier study it 
indicates the beneficial effects of physical activity on growth and development of boys 
than girls who reported lower physical activity (Trudeau & Shephard, 2008). This study 
demonstrated that cardiorespiratory fitness i.e. maximum workload, and body lean mass 
were the most significant determinants of physical activity among boys and girls and these 
findings are also in line with previous studies (Aires et al., 2011; Ness et al., 2007; Nemet 
et al., 2005; Ara et al., 2006; Brage et al., 2004). The positive association of 
cardiorespiratory fitness with total physical activity of children and adolescents indicates 
the capability to perform prolonged exercise and children’s physical activity also varies 
according to the type of exercise (Strong et al., 2005; Gutinet al., 2005; Andersen et al., 
2006). 
The negative association of parents’ university education and total physical activity among 
children can be due to the priority of parents for academic research work or busy 
professional life with more responsibilities at workplace. Parental education i.e. college or 
other high vocational degree had a positive association with total physical activity of boys 
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and girls and these findings are also in line with recent two studies conducted on children 
in Germany (Erkelenz et al., 2014; Finger et al., 2014). It can be assumed after the 
aforementioned findings that educated parents will comparatively provide better support 
and encouragement for physical activity to their children than uneducated parents. This 
study found negative association between low household income and total physical activity 
among girls and these findings are not in line with some earlier studies which stated that 
income does not influence the physical activity levels of young age school children 
(Ferreira et al., 2007; Ball et al., 2009). 
The negative association of total body fat percentage, low household income and electronic 
media time, and positive association of cardiorespiratory fitness, total body lean mass and 
parent’s education with children’s physical activity also provide evidence in the 
differences of determinants among children, adolescents and adults. SES, socio-cultural 
and sedentary behavior are usually the most common determinants of physical activity 
during later stages of life due to engagement in employment, parent’s economic conditions 
and decline of physical activity by following unhealthy lifestyle. 
6.2. Strengths and limitations 
The strength of this study include large sample size of healthy boys and girls and broad 
assessment of physical activity and sedentary behaviors by PANIC Physical Activity 
Questionnaire which was useful to find the potential determinants of physical activity 
among children. Strength of this study was also related to the questions that were asked 
both in duration and frequency of activities that were performed during school and spare 
time which provide the entire depiction for finding the association of determinants and 
total physical activity. Moreover, physical activity is a multi-dimensional behavior and 
vital strength of this study was to compare the multiple independent variables with total 
physical activity. Physical Activity Questionnaire was validated by Actiheart monitor on a 
subsample of children and the results suggested positive correlation between questionnaire 
and Actiheart monitor results for total physical activity among children (Väistö et al. 
2014). 
We analyzed the data by linear regression analysis which gives the cross-sectional 
relationship of physical activity behavior with total physical activity. Therefore, cross-
sectional study design did not allow us to infer the possible causal relationship between the 
determinants total physical activity among children. The data collection was done by the 
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PANIC Physical Activity Questionnaire and we relied mostly on parent’s statement as 
children’s capability to answer questions has always been challenging because they cannot 
recall and report everything about their physical activity due to weak cognitive process at 
this premature age. The children’s reliability can only be raised by pre-contrived sports 
competitions and exercise activities and by providing motivation in terms of grades for 
participation in physical education by school teachers.  
6.3. Future recommendations 
It is suggested to conduct longitudinal study that will provide a snapshot over an extended 
period of time and determine the path of causation. Most of the children in this study were 
financially stable as their parent’s income level was mainly average to higher and hence it 
is pertinent to conduct this study on those children who belong to poor families in order to 
compare the differences in determinants in both poor and rich families. 
Moreover, this study was conducted in Finland and Finnish society is well known for its 
high literacy and zero crime rate, therefore it is suggested to conduct this study in a country 
with low literacy and high crime rates because these factors exerts a significant impact on 
children’s physical activity levels. The role and impact of different biomarkers on 
children’s physical activity can also be studied because the literature on this particular 
subject with reference to children has not been studied comprehensively in earlier studies.  
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7. CONCLUSION  
This study demonstrated that cardiorespiratory fitness, total body lean mass, total body fat 
percentage, electronic media time, low household income and parent’s education were the 
key determinants which had a significant association with total physical activity of 6-8-
years-school children. The causality of all these key determinants can only be determined 
by conducting further studies. Moreover, primary school boys of Kuopio reported higher 
physical activity than girls while girl’s participation in sedentary activities was 
comparatively higher than boys. 
Health behavior i.e. meals and snack intake, and sedentary activities didn’t exert any 
significant impact on total physical activity of 6-8-years-school children. Therefore, it is 
recommended to target effective interventions for aforementioned momentous 
determinants in order to improve the levels of physical activity among children in future. 
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